Peptide-carrier interaction: induction of liposome fusion and aggregation by insulin.
As the roles of peptidic agents in therapy expand, the need for gaining the knowledge for formulating peptides and/or polypeptides becomes increasingly urgent. In an attempt to study various approaches to formulating peptidic agents for therapeutic applications, we investigated the interactions between drug carriers and peptides, using liposomes and insulin as a model. The fusion and aggregation properties of dipalmitoylphosphatidylcholine (DPPC) small, unilamellar liposomes, on the binding of insulin was studied by the techniques of resonance energy transfer of fluorescent labeled lipids, electron microscopy, and right-angle scattering. Within 1 h of adding insulin to DPPC liposomes at 25 degrees C, the average size of the liposomes increased from 239 to 361 A in diameter. There was no further increase in the size of the liposomes after the fused liposomes reached this size. However, the aggregation of the fused liposomes continued to increase for several hours after the insulin-induced fusion stopped. Our results suggest that insulin induces the aggregation of newly fused liposomes, when the temperature is below the gel----liquid crystalline phase-transition temperature (Tc) of the liposomes. The aggregation of fused liposomes is markedly affected by not only the zinc content of insulin but also the pH and ionic strength of the solution. The results of the present study demonstrate that an amphyphilic molecule, such as insulin, could induce the fusion of liposomes via hydrophobic interaction and facilitate liposome aggregation via hydrophilic interaction. Thus, when entrapping insulin by small, unilamellar liposomes, care should be taken to avoid fusion and aggregation.